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TRANSVERSE FLOW DEFLECTIONS ASSOCI.iTED ‘vVITII
FAST CORONAL MASS EJECTA IN INTERPLANETARY SPACE

J. T. Gosling, 31. K’.Thomscn, S. J. ]Iame, and R. l). Zwickl
\lS 1).IM. 1.0s :\lamos Xatimal I.aboratory, I.(M+~ilamos. S1[ S7.5.15

ABSTRACT

[!sing a bidirectional electron heat flux signatllre to identify coronal Il]iiss ej(~rtil)ns. (’\l ES. ill 111(’
solar wind at 1 i\U, we find that the f~t (.!YIEs which driv~ interplanetary shocks arc prcfcrcntially
deflected eastward in transit outward from the sun. ..1corresponding westward deflection usually occurs
in the compressed ambient solar wind plasmii ahead of these (’\l Es. \Ve suggest that this preferential
pattern of d( 4ections is caused primarily by the ~symmctrical draping of the amhicnt interplanetary
magnetic fiel~ about f~t Chl Es.

INTRODUCTION

Transverse flow deflections are commonly observed near the leading edges of quasi-stationary,
corotating high speed solar wind streams at I A(J [e.g., Siscoe et al., 1!369; Gosling ct al., 1972].
The sense of these deflections, first westward and thcrr wtstward. ultimately is a consequence of solar
rotation [e.g., Razdan et al., 1965; Pizzo, I!)ill], and Ihc shift from westward to eastward flow normally
is centered on a high pressure ridge which is aligned nearly along an Archirrmdcan spiral,

Our primary purpose here is to demonstrate that systematic west-cast IIOW deflections arc also
common!y ebserved in transient shock wave disturbances driven hy fast coronal mass c.ections (C?vfl?s).

(-/I[owever, in contrast to the case for corotating streams, the flow reversal in transient isturbanccs dr-ws
not coincide with a local pressure mwimum. lVe b~lieve it is likcl,v that the prcforcntial west-cast flow
~icflcction pattern observed in shock events is a consequence of solar lotation and the asymmetrical
draping of the in Lcrplanctary magnetic field. IK1l’, about f~st Chl Es. A more romplctc dwcriptir)n of
this work can be found elsewhere [Gosling rf rd., I!_) Hi’t)].

OBSERVATIONS





Using our ISEE 3 measurements we have
identified 19 shock events in the August l!178–
December 1979 interval where the spacecraft also
encountered the CME (that is, a bidirectional
event) driving the shock. In 17 of these 19 events
west-east !low deflections such as described above
were observed, while in the other 2 events the op-
posite deflection pattern was detected. In each
case the flow reversal occurred near, but not nec-
essarily at, the leading edge of the CME; however,
as for the event shown in Figure 2, the pressure
maximized near the shock rather than at the po-
sition of the flow reversal.

In order to demonstrate these characteristic
azimuthaJ flow deflections, we have performed a
superposed epoch analysis for the 17 shock events
where the west-east pattern was observed, key-

k
ing zero epoch) upon the onset of electron heat
flux idirectionality. Figure 3 shows the results of
this analysis. On the average, the flow within the
compressed ambient plasma ahead of the C.MES
was deflected w 3° to the west, while the plasma
within the CMES was deflected w 3° to the east.
These flow deflections correspond to than es in

tthe transverse ecliptic flow speed of +25 m/s.
On the average, the flow reversal occurred sev-
eral hours prior to entry into the CM ES.

Figure 4 compares a normalized histogram of
all observed flow azimuths within the 19 bidirec-
tional electron heat flux events (that is, CMEs)
which were preceded by shocks with a similar liis-

togram of observed flow azimuths for all of the
data within the 16.5-month interval of this study.
Even though the former histo ram includes the 2

f?events where the opposite de ection pattern was
observed, the histogram is shifted toward nega-
tive azimuths (mstward flow) by * 2°.

I’iqure 5
}
}rovides a similar comparison of

flow azlrnuths or a set of 24 bidirectional events
which did not have high enough spcmls relativ~ to
the timbicnt plasma to produce shocks. No aver-
age eastward or westward deflection is apparent
for these events. Indeed, not only is the histogram
for t hesc relative] y slow (~hl Es centered nrari y the
sam{! as is the histog;’am for all the data, but it is
also ni~rrower i~nd more strongly pe;i,kcd. This re-
sult iudicatm that the flow (l(~fl(~ctions armriate(l
with shock (’vents arc a (.ons(qll(’nr(~ of thv (ly -
II;lllli(’al int rr;wtion 1)(’tweon fast ( ~!viI(:s and I II(’

slowor-llloving alnt)i(’ntt IX)liir wiud.

DISCUSSION

in Iho al)wnrf’ of oflb(. ts ;Iss(wiato(l with
Solill” rota~ioll,” syll)mctr. y argumvnts wOIII(I (lP-
Illil.llfl ttl{lt l)otll W(’fit-(’;Wt illl(l (’ii St-W(}St. (l(’fl(’(’-

1ion ]);itt,(lrlls tj(~ (l(JII;L]],Y ]jrol);d)l(~ itl t rarl~i($nt
shock (Ivvllts, It is p(wild(’ t hat t ho olwrvo(l
(IX({ISS of (*v(’IIIs ( I 7 ollt, of l!)) wtl(’r(’ t I)(I (1(’11(1(
tion I)at,t,(!rt)was ww.it .flast is a ($ll;IIl(’c ()(’(”llrr($ll((~.

Fig. 2, Five-minute averages of selected solar
wind parameters measured by ISEE-3 on Au-

i
gust 28-30, 1979 days of year 240-242). An
interplanetary shoe ~is indicated by the vertical
dashed line, and the shock driver (bidirectional
electron heat flux e<ent) is delimited by the pair
of solid vertical lines, Note the westward (+@)
deflection of the compressed Plasma ahead of the
driver
driver

!

f

and the eastward ( –~) deflection of the
plasma. From Gosl:ng et al. [1987b].
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I’ig. il. Sltpvrpofic(l (Ipoch plot of tllo solar wind
(Iclipti(” flow ;wimllth ( I’111 ) for I 7 illt(’rplilnptary
shorkfi followw{” 1).v I)i(li rwtional (’lw’tron ll(~i~t [1ux
(Ivetlt!i, Xvro (Jpo(.t) (orrw41)oil(ls” (() thv onfiot of
(Ilert,roll I)i(lirect, ion;kiit,.v, an(l thv original (Iiltil set
consists of 5-tllitl iLV(~f’il~V(l Vallles, 1’111is l)osit,iv(~
10 tllo wo%t. ‘1’11(1lollg-tcrl~l ;Lv(}r;l~v vall]c of 1)111,
(“orr(’ctwl for al)(~rratiorl, is w ., I ,!)(). Adaptd
fro~l~ (;().{lillfl rt al. [ I!)/+71)].



I[owever, the probability of 17 or more out of
19 events having the same deflection pattern hy
chance is quite low (< 8 x 10-4 ), and we brlicvc
the preponderance of west-east events rcprescmts
a real physical effect.

lVe suggest that the preferred west-east fle-
flection pattern ‘an be understood as a conse-
quence of solar rotation. As illustrated in the
sketch in Figure 6, when a fast CME forces its
way outward through the ambient solar wind, the
ambient lMF must drape about the C!ME [e.g.,
Hundhausen, 1972; Gosling and McComas, 1987].
Such draping is a consequence of 1) the high elec-
trical conductivity of the interplanetary medium
which “freezes” the field into the Iasma and ef-

Jfectively prevents any substanti interpcnetra-
ticm of the CME by the ambient solar wind, and
2) the relative motion between the CME and the
ambient solar wind. Because of the spiral nature
of the ambient IMF (caused by solar rotation),
the IMF drapes asymmetrically about the CME
in the solar equatorial plane (we have assumed
for the urposes of illustration that the CME is

Cfcentere there). Field lines originally to the east
of the fast CME gradually slip off the CME as it
progresses outward from the sun, while field lines
to the west increasingly drape about it. ‘1’hus
the magnetic pressure should be higher on the
westward edge of a fast Ch!E than on the east-
ward edge. The restoring forces associated wit h
magnetic field tension arc also dircctcd eastward
across the Chl E. The combined efTcct of the rnag-
nctic pressure and tcnsirm thcrcforc is to drllcct
the Chl E eastward. As itlustratml itl Figure 7,
these forces may, in addition, rmnricnt (as well M
dcfurm) the CNIE lmdin~ to an asymmctriral (lis-
turbanrc front.

in addition to Iicld drcrts. itzimhthid inhr)-
nmgcneitics in the ambient solar wind might con-
tribute to the preferential c’astward dcfhwtior of
fast CMlh. Solar rotat ion cnuscs quasi-st ation;lr.v
illhomogcncitim in thr solar wind to IN’hont into
spirals. ‘Ihe net ctfcct of this curvatllrc is that low
sped illtl{)lllogent:iti~s tcn(! ti) CIII VP into 111(sp;lth
of a fast ( !NiE from lho west, leading to st.rongvr
(~hl E/amljicnt plasma intf~ractiotlfi on I II,! w(’sI
sido of a fast (!hl K than on tho (Siut side.

\l’har.mmr the ra~tso of tho Ijrnfvrrut, i;d r,tst -
‘.v?.rd drllect ion of fi~~t ( ~,h[1’1s,t 110p;~irfi(l Iliilll rv
,}( thu doflortions [)lmrvml ( first Ivrstwar(l within
I 1)(1 r(]nlprwwo(i illllt)ilsl!l I)lil!+llljl ilfl(l t 11{)11 (i;l Sl

w;lrtl within tllu ( ‘?~ll!) III IISt 1)(. a (“r)IIs(~(lIIfIII(I(~ of
I II(I consorvatioll” f)f tr;~usvvrw IIiolIIolit Iilli. ‘1’lIiLl.

is, ;Inv I r;~llsv(lrsr Itlo!ll(tntllll] ~~,il,ill(l(l 1)~ 1 II(I ( ‘hl l’;
Illust Iw I(wt Ilv t Ilr nlllt~i(’111 ljlasllla, ;IIII1 vicv
V(lrs;l,
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Fig. 4. Hist rams of the relative frequency of
Yoccurrence oft e flow wimuth angle (PHI) within

19 bidirectional electron heat flux events preceded
by interplanetary shocks (S events) as compared
to the entire 16.5-month data set of this study
(all data). PHI is positive for flows directed to
the wes:. Adapted from Coding et al. [1987 b].
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Fig. 6. A sketch illustrating how the ambient spi- Fig. 7, A sketch illustrating the possible shock

ral interplanetary magnetic field drapes about a disturbance/corcn?l mass ejection geometry in

fast coronal mass ejection, here drawn ~ a de- the solar equato~ izu ,plane resulting from the mag-

t..ched plasmoid in the solar equatorial plane. netic stresses associated with draping. The small

The magnetic stresses >ssociated with draping arrows are flow vectors. From Gotdhg et al.
provide a force which deflects the ejection e=t- [1987b].

ward. Adapted from Gosling et al. [1987 b].
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